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Novel thrombolytic enzyme and a process for its preparation 

FIELD OF INVENTION 

This invention relates to novel thrombolytic enzyme. The thrombolytic enzyme of 
the present invention is named as Thrombinase having a molecular weight in the 
range of 31,000 to 32000 Daltons. The novel enzyme is prepared in high purity 
and is useful for dissolving blood clots. The enzyme of the present invention 
dissolves the blood clot much faster than the currently available thrombolytic 
agents lil<e Streptokinase, Urokinase. 

The invention also relates to a process for the preparation of the novel 
Thrombinase, which is a thrombolytic enzyme at higher yields and better purity 
levels having a molecular weight in the range of 31000 to 32000 Daltons. 

BACKGROUND OF INVENTION 

Thrombinase Is an enzyme which dissolves the blood clot much faster than the 
currently available thrombolytic agents like Streptokinase, Urokinase, Tissue 
Plasminogen Activator and hence has advantages for the treatment of cerebral 
thrombosis, myocardial infarction, deep vein thrombosis and in the prevention of 
post surgical adhesion. 

U.S. patent no.5,434,059 dated July 18, 1995 describes a process for the 
preparation of a thrombolytic enzyme, namely Thrombinase with the 
improvement of yield by modification of the iPermentation medium and increase 
in the purity by modification of the downstream processing methods. Such a 
thrombolytic enzyme has a molecular weight of 18,500. 

The Indian Application No. 2671/DELy98 relates to the process for the 
preparation of Thrombinase. 



OBJECTS OF THE INVENTION 

The main objective of the present invention is to provide a novel thrombolytic 
enzyme named as Thrombinase having a molecular weight in the range of 
31000 to 32000 Daltons, which is useful for dissolving blood clots. 

Another objective of this invention is to provide an improved process for the 
preparation of the novel Thrombinase having a molecular weight in the range of 
31000 to 32000 Daltons and having a higher yield in comparison to that of the 
known art. 

Yet another object of this invention Is to provide a process for the preparation of 
Thrombinase having a molecular weight In the range of 31000 to 32000 Daltons 
and having a better purity in comparison to that of the known art. 

Still another object of this invention is to provide a process for the preparation of 
Thrombinase having a molecular weight in the range of 31000 to 32000 Daltons 
and having reduced volume handling. 

DESCRIPTION OF INVENTION 

Accordingly, the present invention relates to a novel thrombolytic enzyme named 
as Thrombinase having a molecular weight in the range of 31000 to 32000 
Daltons, more preferably around 31700 and having high purity, which is useful 
for dissolving blood clots. 

According to another embodiment of the present Invention there is provided a 
process for the preparation of thrombolytic enzyme having a molecular weight in 
the range of 31000 to 32000 Daltons comprising, 
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(i) Culturing the filtrate of Bacillus sphaericus serotype H5a 5b having the 
accession no. 18949 NRRL (dated 17*^ March 1992) deposited at Agriculture 
Research Service, US Department of Agriculture and Midwest Area, 1815, North 
University Street, Peoria, Illinois, USA, in a culture medium consisting of yeast 
extract with one or more of constituents selected from peptone, sodium acetate, 
beef extract, sodium chloride. Soya peptone, and ammonium sulphate 

(ii) Removing the cell formed by cross flow filtration using 0.22|j filter, 

(iii) subjecting the cell supernatant thus obtained to two step ultra filtration using 
1,00,000 MW (Molecular Weight) cut off membrane followed by ultra filtration of 
the filtrate thus obtained using 10,000 MW cut off membrane, 

(iii) salting out the retentate with ammonium sulphate, 

(iv) subjecting the resulting precipitate to dialysis, 

(v) re-precipitating the precipitate using ice-cold acetone, 

(vi) reconstituting in buffer, 

(vii) decolorizing by using modified CDR (Cell Debris Remover) treatment, 
dialyzing, lyophilizing, 

(viii) purifying firstly by ion exchange chromatography followed by gel filtration 
chromatography and 

(Ix) dialyzing the fraction showing fibrinolytic activity and lyophilizing to obtain 
purified Thrombinase having a molecular weight in the range of 31,000 to 32000 
Daltons. 
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The amount of the constituents present In the Culture medium employed is 
0.03 to 1.5% of yeast extract, 0.2 to 1.5% peptone, 1 to 1.6% sodium acetate, 
0.3 to 0.5% beef extract, 0.2 to 0.5% sodium chloride, 0.5 to 1% Soya peptone, 
and 0.68% ammonium sulphate 

In a preferred embodiment of the invention the pH of the culture medium used is 
in the range of 7.2 to 8.0. 

In another embodiment of the invention the ammonium sulphate used Is In an 
amount in the range of 20 to 40%. 

The buffer used is Tris 0.01 M 

In yet another embodiment of the invention the buffer used is Tris 0.01 M and 
the pH used is 8 and amount of the ice-cold acetone and crude enzyme used are 
in the ratio of 1:1 to 1:1.5 (v/v). 

Various media along with their composition were used for the fermentation of 
Bacillus sphaericus and various yields of the new Thrombinase were obtained. 
Several media compositions were tried for optimization of Thrombinase yield. 
These include completely synthetic media, synthetic media with different 
percentages of yeast extract and complex media. Growth was very poor in 
completely synthetic medium unless it Is supplemented with yeast extract. 
Table 1 gives a few media, which showed good results in shake flask 
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Table 1 



MEDIUM 


COMPOSITION 


BATCH VOLUME 


Acnvmr lu/ur 


1. SYBN 


Soya peptone 0.5% 
YE 0.05% 
BE 0.3% 
NaCI 0.5% 


100 ml 


4.46x10' 


2. HNYS-II 


Soya peptone 0.5% 
NaCI 0.5% 
YE 1% 


100 ml 


6.9x10' 


3. NMYS-V 


Soya peptone 1% 
YE 0.5% 
NaCI 0.5% 


100 ml 


5.3x10' 


4. MNYS-V 


Peptone 0.5% 
YE 1% 
BE 0.3% 
NaCI 0.3% 


100 ml 


1.15x10' 


5. SAMNYS-II 


SA 1% 
Peptone 0.5% 
NaCI 0.5% 
YE . 1% 


100 ml 


3.03x10' 


6. SAY 


SA 1.6% 
YE 0.4% 
AS 0.68% 


100 ml 


5.4x10' 


7. SAYP-I 


SA 1.6% 
Peptone 0.40% 
AS 0.68% 
YE 0.4% 


100 ml 


1.94x10' 


8. SAYP-II 


SA 1.6% 
Peptone 0.4% 
AS 0.68% 
YE 0.6% 


100 ml 


2.8x10^ 


9. MYP-I 


YE 1% 
Peptone 0.2% 


100 ml 


1.75x10^ 


lO.MYP-IV 


YE 0.4% 
Peptone 0.4% 


100 ml 


1.61x10^ 


ll.MYP^VI 


YE 0.5% 
Peptone 1.5% 
NaCI 0.2% 


100 ml 


2.3x10^ 


12.YPN-VIII 


YE . 1.5% 
Peptone 0.75% 
NaCI 0.2% 


100 ml 


2.5x10^ 


13.SANYSH 


SA 1% 
Peptone 0.5% 
NaO 0.5% 
BE 0.5% 
YE 0.03% 


100 ml 


1.48x10^ 



SA = Sodium Acetate. YE = Yeast Extract. BE = Beef Extract. AS = Ammonium 
Sulphate 
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* All media had trace elements in the following composition: . 

CaCb - 0.013%, MgCl2 - .01%, MnS04 - 0.028%, ZnS04 - 0.0005%, FeS04 - 
0.0001%, CUSO4 - 0.0001%). 

* pH of the media was 7.2 . 

As will be apparent from the Table 1, the media composition comprises 0.03% to 
1.5% of yeast extract, with or without each of 0.2 to 1% of peptone, l.to 1.6% 
of sodium acetate, 0.3 to p.5% of beef extract and 0.5% of sodium chloride was 
found to be the preferred quantities . The pH of the media was maintained at 
pH 7.2. 

Reference Is now made to Fig.l of the accompanying drawings which illustrates 
the flow diagram of the process of preparing the new enzyme. The fermentation 
broth is subjected to a process of purification consisting of a plurality steps. The 
first step A is that of micro filtration and wherein the fermented broth is passed 
through a membrane filter of for example, 0.22g. The second step of 
purification consists In the step of ultra filtration B of the filtrate Fl to remove 
particles having a molecular weight of more than 1,00,000. The retentate R 
from such a step is used for activity check and is recycled. The filtrate F2 is 
subjected to a second step of ultra filtration C to have a retentate Rl with a 
molecular weight of 10,000 to 1,00,000. The filtrate F3 Is rejected. 

The retentate Rl is subjected to the step of cell removal by precipitation D with 
ammonium sulphate having a concentration of up to 40% and preferably 20 to 
40%. 

The precipitate PI is then subjected to the step of dialysis E followed by acetone 
precipitation. The precipitated enzyme is reconstituted in. 0.01 to 8.0 M pH and 
further precipitated G with cold acetone at the ratio of 1:1 to 1:1.5 (v/v). Such a 
step reduces the volume and contaminants. 
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The Precipitate P2 is subjected to a step of decolourlzation H. The precipitate 
obtained by acetone precipitation was reconstituted in minimum volume of buffer 
and subjected to decolourization using cell debris remover (CDR), Whatman. 
Briefly, a bed of CDR is made using a buchner funnel and the crude enzyme was 
layered over it and vacuum applied to the receiving flask. This is followed by 
elution with this Tris p.OlM, pH 8.0 containing O.IM NaCI (2-3 bed volumes of 
buffer) to elute the fibrinolytic enzyme bound to the CDR. This method results in 
less than 6% activity loss. 

Hence the present method describes a process for the increase in the yield of 
Thrombinase by increasing the yield by this modified CDR treatment as shown in 
Table 2. 

Table 2 



TREATMENT 


ACTIVITY (lU) 


LOSS % 


Before CDR treatment 


2,36,24,000 




CDR treatment by 


3,51,000 


98% 


reported 






Method 








2,21,50,200 


6% 


CDR treatment by 






present 






Method 







The colourless aqueous filtrate F3 is passed through an express ion exchanger 
I and then subjected to the step 3 of dialysis against distilled water for removal 
of the salt followed by the step K of solubilization and lyophilization L. TTius, the 
CDR treated material was first subjected to ion exchange chromatography. The 
CDR treated material was first loaded onto the column and eluted first with 
O.OIM containing 0.1 M NaCI and subsequently with Tris containing 0.5M NaCI. 
The fibrinolytic enzyme eluted with Tris containing 0.1 M NaCI, which was 
dialysed and lyophilized. 
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The lyophilized fraction was further purified by the step M of gel filtration 
chromatography using for example Sephacr/I S-200. Elution was carried out 
using Tris buffer 0.01 M, pH 8.0 containing 0.1 M NaCI. The fraction showing 
fibrinolytic activity was dialyzed and lyophilized to yield pure Thrombinase. 

PRODUCT CHARACTERISATION 

The molecular weight of Thrombinase was found to be in the range of 31,000 to 
32000, preferably around 31700 as determined by mass spectral analysis. This 
enzyme is ver/ much different with the enzyme disclosed in the US patent no 
5,434,059 having the molecular weight of 18,500 obtained by gel filtration. 

The molecular weight of the new enzyme of the present invention has been 
confirmed by the following experiments. 

Amino Acid composition: A sample of Thrombinase prepared by the process 
of the invention was hydrolyzed and subjected to Amino Acid Analyzer (Hitachi 
L8 500A). It predicted a sample molecular weight in the range of 31,000 to 
32000 Daltpns as shown in Table 3. 
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TABLE 3 

AMINO ACID ANALYSIS REPORT 



Sample Wt: 400^9 Sample OD: 0.50 Sample Mass: 12.85 UQ 

Std. OD : 0.50 

Dilution : 1.00 Sample M.W.: 31000.00 



Amino Acid 


Nanomoles 


Residues 
(Theory) 


Mmol/ 
Res. 


MW 






DocSHi 
rxcblUUe 

^Fni lnH^ 


Aspartic Acid 


13.41 


33 


0.41 


115.1 


1.54 


12 52 




Threonine 


7.56 


18 


0.42 


101.1 


0.76 


7 06 




Serine 


10.28 


25 


0.41 


87.1 


0.90 


9 60 


?4 ftn 


Glutamic Acid 


6.68 


16 


0.42 


129.1 


0.86 


6 34 


16 12 

X V^a X^ 


Proline 


.3.59 


9 


0.40 


97.1 


0.35 


3 35 


8 66 

\J m \J\J 


Glycine 


12.55 


31 


0.41 


57.1 


0.73 


12 00 


31 on 


Alanine 


13.78 


33 


0.42 


71 1 


0 97 


1 ? 7Q 




Half-cysteine 

* 






0 00 


im 7 


n nn 


u.uu 


n nn 
U.UU 


Valine 


6.12 


1 tz 

±J 




QQ 1 




b.71 


14.77 


Methionine 
■ ii^/i III 1^^ 


■L ■ i. X 


J 


U.J/ 




0.15 


1.06 


2.68 






1 Q 


0.42 


113.2 


0.85 


6.98 


18.05 


Leucine 


5.82 


14 


0.42 


113.2 


0.66 


3.43 


14.04 


Tyrosine 


5.63 


14 


n /in 


1 t 
I06.Z 


A A^ 

0.92 


5.24 


13.58 


Phenylalanine 


1.38 


3 


0.46 


147.2 


0.20 


1.29 


3.33 


Histidine 


5.10 


12 


0.43 


137.2 


0.70 


4.76 


12.30 


Lysine 


2.95 


7 


0.42 


128.2 


0.38 


2.75 


7.12 


Arginine 


3.66 


8 


0.43 


156.2 


0.54 


3.21 


8.30 


Cysteic Acid 






0.00 


151.2 


0.00 


0.00 


0.00 


SCMC 






0.00 


129.1 


0.00 


0.00 


0.00 


Met Sufone 






0.00 


167.2 


0.00 


0.00 


0.00 


Met Sulfoxide 






0.00 


149.2 


0.00 


0.00 


0.00 


Norleucine 






0.00 


113.2 


0.00 


0.00 


0.00 


Other 






0.00 




0.00 


0.00 


0.00 




107.10 


259 


0.41 




11.12 


100.00 








Entries 


6.63 












16 


0.55 











Comments: 

1) Special procedures for the quantitation of Cysteine & Trp. were not 
performed 

2) Peptide protein content was very low - ~ 3%. 



10 



Matrix Assisted I aser Desorption Tonizatinn .ma, nty -phe average mass 
of the enzyme prepared by the process of the present Invention was analyzed by 
MALDI TOF (Time of Flight) instrument (Kompact SEQ Spectrometer - Kratos- 
Shlmadzu Analytical, Manchester, UK). It was found that an average mass value 
of around 31,747 Daltons was obtained by samples from different batches as 
shown in Rgure 2. 

Liquid Chromatography Mass Spertromotry- The mass spectral analysis of 
the enzyme prepared by the process of the Invention was performed in the 
Electrospray Ionization (ESI) Mass Spectrometry (Hewlett Packard- Model HP- 
1100) .It was observed that that the average mass value was 31,834 Daltons as 
shown in Figure 3. 

From the above-mentioned results it is predicted that the molecular weight of 
the new enzyme wiil be around 31,000 to 32,000 Daltons. 

Fluorescence Spmn.m : Fluorescence analysis of Thromblnase by Hitachi 
650-60 Spectrofluorlmeter for fluorescence showed that the molecule Is partially 
unfolded at pH 5.0 and completely unfolded at pH 2.0. The observation gives 
the explanation for the reduction In activity of Thromblnase at pH 5.0 and 
reversion to the normal activity at pH 8.0 (from unfolded to folded form) Figure 
4. 

Circular Dichorism- T he Circular DIchorIsm (CD) studies were conducted for 
Thromblnase in JASCO J-715 Spectropolarlmeter. The far UV CD analysis 
showed that the molecule possesses alpha (a) helices and Beta (p) sheets in the 
secondary structure (Figure 5) and the near UV CD analysis showed absence of 
tertiary structure (Figure 6). 
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The effect of Ttiromblnase on the osmotic fragility of human RBCs have been 
determined by Incubating the RBCs at 100 and 1000 times the therapeutic level 
(30000 and 300000 lU per milliliter of blood) for 30 minutes followed by 
evaluation of osmotic fragility of the RBCs at varying concentrations of sodium 
Chloride (0O/O-0.85O/O). Such tests indicate no changes In the osmotic fragility 
pattern over the entire range of sodium chloride and hence indicating that 
Thrombinase does not affect the RBCs. 

■me tests on the efTect of Thrombinase on different protein substrates like 
casern, fibrinogen and bovine serum albumin shows that Thrombinase acts 
preferentially on fibrin with very little activity on other protein substrates ' 



Table 3 



SUBSTRATE ACnvnY (lU) 



Casein ^^3^ 

Fibrinogen 634 

Bovine Serum Albumin 919 

Fibrin Clot 170^000 



